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ABSTRACT

The field of nonlinear optics has attracted lot of interest in the past three decades not only because of the possible numerous applications in telecommunications, optical data storage etc., but also because of the fundamental research connected to issues like charge transfer, conjugation, polarization and crystallization into noncentrosymmetric lattices. In principle nonlinear optics (NLO) deals with the interaction of applied electromagnetic fields in various materials to generate new electromagnetic fields altered in frequency, phase or other physical properties.  A variety of systems including inorganic materials, organometallic materials, organic molecules and polymers have been studied for NLO activity. Owing to the combination of chemical tunability and choice of synthetic strategies, organic molecules in particular have received much attention. Second order nonlinear optical response in an organic chromophore is intrinsically based on electronic ‘push-pull’ mechanism operative in a molecule containing a donor linked to an acceptor moiety through a conjugated electron bridge. For a given set of donor and acceptor, enhancement of second order hyperpolarizability (a measure of non linear optical activity) is achieved by increasing the conjugation of the -electron bridge, which, on the other hand, causes undesired bathochromic shift of absorption and contributes to impart photo-instability to the system. In view of this, conceptual development of structural model based on alternate route to charge transfer (CT), other than  conjugation, is warranted.

In view of above drawbacks, novel strategy is proposed on the concept of charge transfer (CT) between -donor and -acceptors separated by -spacers. The CT in these molecules arises owing to the interaction of -orbitals of the donor and acceptor moiety through the -bond (( bond coupling).  The advantage in such CT is that the molecules have the absorption maxima, max, in region less than 300 nm thus being transparent in the region of interest for frequency doubling operations. The disadvantage is that these will have weaker oscillator strengths and hence smaller first hyperpolarizability, , values. An alternative to enhance the  value without losing the transparency in the visible region is 3-Dimensional molecules. Here three donor/acceptor molecules are attached to a central -acceptor/donor system by  bonds. Since there is a linear superposition of three CT molecules the  value should add up constructively. As -bond insertion between donor and acceptor may cause loss in thermal stability, hence conventional aromatics are replaced with heteroaromatics which are also possessing ease of polarization and synthetic feasibility. s-Triazine derivatives are found to be the right candidates to satisfy above requirements. Hence this thesis mainly focused on s-triazine derivatives. Various s-triazine derivatives have been designed using computational techniques and analyzed for their linear and nonlinear optical properties. Series of s-triazine derivatives have been synthesized and characterized based on various techniques like 1H-NMR, 13C-NMR, Mass, IR, and X-Ray crystallography. Linear optical properties (max) are recorded, compared with theoretical observations and analyzed. Nonlinear optical properties are measured with Hyper-Rayleigh Scattering (HRS) technique in solution () and Kurtz-Perry powder technique in solid-state (). 

This thesis entitled “Design and synthesis of novel s-triazine derivatives for second-order nonlinear optics: A combined experimental and theoretical investigation” and is divided into five chapters and two appendixes. 

Chapter 1 provides brief introduction about Nonlinear Optics, its origin, applications and various types of nlo effects. Detailed description is given for second-order effects particularly on second harmonic generation followed by brief review of organic materials studied so far. Emergence and necessity of octopolar systems over dipolar systems are discussed in detail. Theoretical models to determine and experimental techniques to estimate the magnitude of NLO activity are presented. Limitations of organic molecules to find applications and scope of the work followed by organization of the thesis are described at the end of the thesis.

Chapter 2 deals with nonlinear optical property evaluation of dipolar (D--A) molecules. In this chapter s-triazine is considered as an acceptor and ethylenic bond is spacer with conventional aromatic substituents as donors. Synthesis of two series of s-triazine derivatives and linear and nonlinear optical property evaluation are presented. Experimental results have been compared with theoretical observations.

Chapter 3 is composed of computational design and synthesis of 2,4,6-tris (benzylamino)-1,3,5-triazine derivatives along with nonlinear optical properties investigation in solution and solid-state. Conformational analysis is encountered in detailed manner and also tells the importance of conformationally flexible molecules.

In Chapter 4, -O-CH2- spacer is considered instead of –NH-CH2- in chapter 3. This chapter describes the synthesis and conformational analysis of 2,4,6-tris (benzyloxy)-1,3,5-triazine derivatives by means of computational tools and its consequences in nonlinear properties at molecular and macro level.

Chapter 5 describes synthesis of a series of s-triazine derivatives, characterization and nonlinear optical property evaluation using experimental techniques and computational methodologies.

In Appendix I, the detailed experimental set-up for the hyper-Rayleigh Scattering (HRS) measurements at 1064 nm are described. 

Appendix II explains synthesis and keto/amine-enol/imine tautomerism of bis (2,4-benzyloxy)-6-(5h)-one-1,3,5-triazine in the solid-state and gas phase and it involves a combined crystallographic and quantum-chemical investigation.
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